Background. Agave sisalana is a cultigen from Mexico. In 1833 it was brought to Florida by Henry Perrine as an experimental crop. From there it was introduced to tropical Africa and Asia in the late 19 th Century, where it became established as a fiber crop. Paradoxically, in the Yucatan it meanwhile evanesced from its already scanty presence. Because material was collected from cultivated stock in Chiapas in the 1950s and a neotype from there was selected in 1988, it was assumed to have originated in Chiapas. Questions. Did A. sisalana originate in the Yucatan Peninsula following Perrine (1838a, 1938b) rather than from Chiapas sensu Gentry (1988)? Studied species. Agave sisalana (sisal), one of the strongest natural fibers in the world and a commercially important crop. Study site and dates. Live plants were located in the Yucatan between 2013-2017. Methods. We document historical and current presences of A. sisalana in the Yucatan Peninsula following three lines of evidence: 1) overlooked records and reports in literature; 2) herbarium specimens; and 3) presence of extant populations. Results. Eleven localities in the Yucatan Peninsula still have extant populations of sisal. We uncovered herbarium specimens from the region, including an original specimen by Perrine, from Campeche, which is selected as the lectotype for the name, superseding the neotype from Chiapas. Conclusion. We demonstrate the continued presence of Agave sisalana in the Yucatan Peninsula, even though it has now become rare. It is most likely that the crop was first domesticated there.
Confusion of identity in regional botanical literature. Taxonomic confusion is strife in the genus Agave due to widespread hybridization, poor specimen preservation and generally local and rare occurrence of taxa. The rarity of A. sisalana in the Yucatan Peninsula, combined with introductions of cultivated taxa and the name having been misapplied to other taxa, has resulted in confusion and doubt on the area of origin of this cultigen.
In his book on the genus Agave in North America, Gentry (1982) cited conversations with botanists specializing in the Yucatan flora (e.g., Faustino Miranda, Bernice Schubert), who reported they had never encountered the species there. Gentry stated that no botanical collections of A. sisalana were ever made in the Yucatan and that it "has long been erroneously reported as of Yucatan origin." Gentry (1982) then chose a specimen from Ocosocoautla [sic] in Chiapas (Gentry 16434, US; isoneotype DES) as neotype for the 'species', where it was cultivated in 1957 (see http://collections.nmnh.si.edu/search/botany/).
In 1979-80 the Centro de Investigación Científica de Yucatán (CICY) was established, initially to study agaves in the region. In the following decades, the presence of A. sisalana in the Yucatan was validated, confused or rejected by various researchers.
Based on the lack of marginal prickles, a plant collected at Bacalar in 1981 (cited in Results) was first identified as A. sisalana. However, Orellana et al. (1985) were hesitant about the identity of the plant and described the state of knowledge of Agave distribution and taxonomy in the region as "primordial."
Between 1985 and 1987 several other researchers inventoried Agave taxa in the region, established experimental plots in Merida and produced a series of publications on the ethnology, taxonomy and systematics of the agaves of the Yucatan (Colunga-GarcíaMarín et al. 1993a , 1993b , 1996 , 1999 , 2007 , Colunga-GarcíaMarín & May-Pat 1993 , 1997 , Colunga-GarcíaMarín 1998 , 2003 . These authors reported that A. sisalana was not found in the region either cultivated or wild (Colunga-GarcíaMarín & May-Pat 1993) . However, A. sisalana was listed for the Mexican collection of Agave germplasm at CICY botanical garden, citing the Yucatan Peninsula as the source (Colunga-GarcíaMarín 2004) . Castorena-Sánchez et al. (1991) reported and recorded A. sisalana based on Castorena's specimens from 1982 and 1987 (cited in Results) . They karyotyped A. sisalana together with other taxa including the African Agave 'Hybrid 11648'. Similarly, Robert et al. (2008) presented the karyotypes of regional agaves including A. sisalana and cited the CICY botanical garden as source of the material, but no vouchers for the studied specimens were located in the CICY herbarium.
Concurrent with the research just described, three floristic checklists were produced for the Yucatan Peninsula all included A. sisalana (Sosa et al. 1985 , Durán et al. 2000 , Arellano-Rodríguez et al. 2003 . The first two checklists cite a mixture of collections under A. sisalana. These belong to: 1) the wild and common Agave angustifolia var. angustifolia (e.g., Calzada 6882, Espejel 349, Flores 9082, Puch 1135, Ucan 4291; CICY) ; 2) Agave sisalana from southern Quintana Roo (Orellana 96, Villers 11; CICY) ; and 3) Agave sisalana from experimental plantations in the Yucatan (Castorena 37, 38, 39, 39A, 39B, Franco 30, Orellana 75; CICY; see Results) . The third checklist (Arellano-Rodríguez et al. 2003) has no herbarium vouchers cited and intermix the common names and environments for A. angustifolia, A. fourcroydes and A. sisalana.
Because the name A. sisalana has been widely misapplied to various taxa in the past, it is to be expected that various specimens appear under that name, particularly frequently mistaken are wild A. angustifolia var. angustifolia and cultivated A. fourcroydes in Mexican publications (e.g., Borges-Gómez et al. 2008 , Flores et al. 2010 , Méndez-González et al. 2014 ), databases (e.g., CONABIO 2016a , 2016b and miscellaneous literature (e.g., Chi Quej 2009).
Campos-Ríos & Chiang-Cabrera (2006) also cited A. sisalana in their review of the type specimens of plants from the Yucatan Peninsula, but, because of the dubious understanding of the species for the regional flora, A. sisalana was omitted from the authoritative floristic checklist of the Yucatan Peninsula by Carnevali Fernández-Concha et al. (2010) .
Materials and methods

Lines of evidence.
Live plants were first discovered in 2013 (Trejo-Torres & Gann 2014 in the southern State of Yucatan, which initiated further field research for more populations in the region. This was done guided by formal literature reports and by consulting local people who know the cultivation and populations of agaves in the region. We prepared herbarium specimens (deposited at CICY herbarium) and made photographs of the newly-found plants.
Herbarium specimens.-We searched for herbarium specimens in regional and foreign herbaria (BM, CICY, F, K, MO, NY, UADY, US), including those with digitized images available on the internet.
Literature.-We searched for reports or mentions in botanical, agronomical, anthropological, sociological, commercial or related sources (printed publications, databases, webpages), considering both common and scientific names (e.g., Agave sisalana, henequén verde, sisal, ya'ax ki, etc. taking variations of spelling into account).
Species identification. The newly found populations were compared morphologically against existing herbarium specimens, species descriptions, plant photographs, crop accounts and ethnobotanical information in specialized literature (Perrine 1838a , 1838b , Schott 1870 , Engelmann 1875 , Trelease 1913 , 1920 , Gentry 1982 , Franck 2012 . Morphological features to distinguish A. sisalana from other similar agaves in the Yucatan (e.g., A. angustifolia ssp. angustifolia, A. fourcroydes, A. 'Hybrid 11648') relate to characters of the habit, trunk, leaves and prickles (Table 1) . Agave sisalana does not makes a trunk, and has dark green and glaucescent (faintly glaucous becoming glabrous) leaves that in mature individuals are slightly arched upwardly. The prickles along the leaf margins vary, from being almost absent or inconspicuous but evident to the touch, to small but visible with the naked eye. When definite, prickles are regularly spaced and typically reddish/yellowish. Spontaneous clonal variants.-The presence or absence of prickles is variable in A. sisalana (Table 1; Franck 2012) . Clonal variation in prickles was the basis for the now obsolete description of A. sisalana var. armata Trel. (Trelease 1913) . This name was applied to plants with many (rather than few) weak prickles. It was introduced into the West Indies from Florida and the Yucatan (Trelease 1913) . Trelease (1920) belongs to the regularly-spiny form (F; link cited in Results). We have documented the clonal appearance of spiny morphs from inconspicuously-spiny ones, and vice versa, in plants of A. sisalana in the localities recently found, so the degree of prickles is an obsolete character to use in the identification.
Nomenclatural confusion.-A source for the modern day confusion is the application of the Yucatec Mayan name ya'ax ki (= green agave; traditionally applied to A. sisalana) to a variant of A. fourcroydes (e.g., Colunga-GarcíaMarín & May-Pat 1993 , Colunga-GarcíaMarín et al. 1993b , Colunga-GarcíaMarín 2003 , Pérez-Miranda 2010 , Guerrero-Medina & Díaz-Plaza 2013 . Souza-Novelo (1941) instead used the distinctive name falso ya'ax-ki (= false green agave) for that form of A. fourcroydes, thus clearly distinguishing it from the true ya'ax ki, A. sisalana.
There are orthographic errors for the epithet sisalana in the literature: 'siciliana', 'sisalina' and 'sisaliana'. Dondé & Dondé (1874: 186) (Trelease 1913) [cited as A. sisalana f.
[sic] armata Trel. by Trelease (1920) ]. In addition, 'A. sisaliana' was made into invalid combinations (Furcraea sisaliana ( Research approach and assumptions. We used a historical-geographical approach to bring together taxonomical, nomenclatural, distributional, ethnobotanical and agronomical information to confirm the putative origin and continuous occurrence of A. sisalana in the Yucatan Peninsula. In doing so, we adhere to these assumptions: 1) a taxon is native or autochthonous to its initially-known or assumed range unless proven different, weather it is a wild taxon or a cultigen and 2) Agave sisalana is dependent on a traditional agricultural landscape in the moist areas of eastern and southern Yucatan Peninsula (Mexican part) that has now nearly disappeared due to changes in land management.
Results
Evidence of A. sisalana in the Yucatan Peninsula. Original references of the species appeared in letters from 1832, 1833, 1834 and 1838, when Perrine used the name 'Agave Sisalana' for a yet not officially described plant (Perrine 1838a (Perrine : 5, 8, 9, 47, 1938b Perrine (1838a) narrated: "A residence of several [10] years in a tropical climate has enabled me to obtain a personal acquaintance with some of its valuable fibrous plants… gratified with the title of agaves…" … "… the planters give the preference to the Sacqui [= A. fourcroydes] and Yaxqui [= A. sisalana] of the natives, or the whitish and greenish 'Henequen'." … "Two varieties of that species, which I take the liberty to christen Agave Sisalana, …" (Perrine 1838a: 7-8) ; "…another native plant of Yucatan, which may take its name from the actual exporting port of Sisal…" (Perrine 1838a: 79) .
Species cataloguing.-When Perrine catalogued A. sisalana (Perrine 1838a (Perrine : 8, 87-88, 1838b , plates 1, 2, 4), he chose yashqui (sic) as the basis for the species description (Perrine 1838a: 87) , and this conforms to our current understanding of the taxon (e.g., Gentry 1982 , Franck 2012 ). The characters distinguishing yashqui (A. sisalana) from sacqui (A. fourcroydes) according to Perrine were the smoothness of the edges of the leaves and the proportions of flower parts. Lemaire (1864) described A. fourcroydes, which is easily separated from A. sisalana by its caulescent habit, regularly spaced strong prickles along the margins of the leaves and a larger and black terminal spine. Commercially the two are distinguished by their fiber quality and quantity, with A. sisalana producing a 'higher quality' fiber, but A. fourcroydes producing a larger quantity of a somewhat 'lower quality' (e.g., Perrine 1838a , 1838b , De Echánove 1846 , Schott 1870 , Dodge 1892 , 1893 , Ortiz 1947 (Table 2) .
Literature reports.-Albeit not validated by herbarium specimens, if the identity of the species referred to is correct, botanical and agronomical publications provide further evidence for the presence of A. sisalana in the Yucatan Peninsula (Table 3 ). Even though we cannot discuss all literature here in detail, we provide a sample of additional supporting evidence for the continuous presence of A. sisalana in the Yucatan Peninsula from agronomical and anthropological references (Table 4) .
Extant populations in the Yucatan.-Until December 2017 we have confirmed the presence of A. sisalana at 11 sites belonging to eight municipalities throughout the State of Yucatan (Table  5 , Figure 1 ). In the places where A. sisalana is recorded, it is usually not distinguished by the people from other agaves; all are called henequén or maguey, which are equivalent to Agave. Only one out of eight land owners called the plant by its Yucatec Mayan name ya'ax ki (sensu Souza-Novelo 1935 , 1941 .
Some of the towns in the eastern Yucatan where plants were found (Kanxoc, Valladolid and Chemax), were cited for former production of hammocks made of sisal (Espinosa 1860 , Schott 1870 , Mesa & Villanueva 1948 , Villa Rojas in 1969 cited in Littlefield 2012; see Table 4 ). In experimental plantations at CIAPY.
Discussion
Agave sisalana to be reinstated for the Yucatan Flora. Gentry (1982) stated that A. sisalana was native to Chiapas, rather than the Yucatan Peninsula and he thus designated a neotype from Chiapas. However, the original description by Perrine (1838a Perrine ( , 1938b ) stated otherwise (Colunga-GarcíaMarín & May-Pat 1993) and thus this neotype was a poor choice. Gentry did not cite the protologue and plates (line drawings) from the U.S. Senate document, which were cited in earlier texts, he did not search for material that might be suitable for typification, and overlooked the publications of Trelease (1913 Trelease ( , 1920 in which he mentioned that the 'type' of A. sisalana is from the Yucatan Peninsula, cultivated in Florida from plants imported by Perrine (see also Engelmann 1875).
Superseding the existing neotypification.-As stated in our Introduction, the existence of a herbarium collection by Perrine recording Campeche as its locality, and the citation of Campeche as the native place for A. sisalana in the original publications allows us to designate this overlooked material as a lectotype, which supersedes the previous neotypification. (1870), above cited, we know that the fiber of A. sisalana was considered of higher quality and was used for selective purposes. ". As Schott (1870), above cited, they did not cite the works of A. sisalana by Perrine (1838a Perrine ( , 1938b Lectotypification.-At the time of Perrine's description of A. sisalana there was no standardized concept of type specimens for scientific names. This resulted in many early names particularly from crop and garden plants needing typification (see Christenhusz et al. 2013) . In many cases material has to found that is annotated by the author of the taxon and preferably the collection locality and dates need to match the protologue. In the case of A. sisalana, a specimen was found that was not explicitly cited in the original description, but it is original material because it was collected and annotated by the author of the species from the locality mentioned in the protologue, and thus it would have certainly been used by the author in the description of the taxon. The specimen was also cited as 'type' by Campos-Ríos & Chiang-Cabrera (2006) and we therefore formalize this decision (second step typification) and designate as lectotype the following specimen:
Agave sisalana 16, 47, 60, 86) . 1838 --Lectotype (designated here): Mexico, Campeche, without date, H. Perrine s.n. (NY barcode: 00-320079; available online at http://sweetgum.nybg.org/science/vh/).
Agave sisalana introduced from the Yucatan to Chiapas. The concept of Chiapas as the area of origin for A. sisalana arose in the 1950s, after it had already become well-established as a crop plant throughout the world. It was then already commonly grown as an ornamental and had become locally naturalized (e.g. in Florida). Trelease (1920) reported A. sisalana as "The species most extensively planted, as a source of fiber, outside of Yucatán .... Called 'Maguey tuxtleco' [from Tuxtla Gutiérrez] in Chiapas". Mesa and Villanueva (1948: 44) reported that henequen [Agave spp.] was introduced from the Yucatan to Cintalapa in Chiapas in the early 1900s but they did not mention Maguey tuxtleco, nor A. sisalana, when reporting three types of native agaves similar to henequen in the area of Ocozocuautla in Chiapas. They said that even though the production of Yucatecan henequens cultivated in Chiapas was soon abandoned due to the Mexican revolution (during the 1910s), the peasants from the Ocozocuautla area were still using these agaves to produce rope. When Gentry collected his neotype of A. sisalana in 1957 in Chiapas, there were contemporary plantations of the species in the Yucatan Peninsula. Halffter (1957) and Meza-Andraca Table 4 . Additional possible reports of A. sisalana in the Yucatan Peninsula, mainly from agronomical and anthropological literature, chronologically arranged.
Dates and authors referred References
Probably from the 1600s. As referred by Irigoyen (1975) , cited in Irigoyen (2010) .
From the 1600s-1700s by Ricardo Ossado, as referred by Martín y Espinosa in 1834.
At the same time referred by Irigoyen (1976) , cited in Irigoyen (2012) .
From 1783 by J. M. De Lanz.
Recorded by De Echánove (1846).
From 1834.
As referred by Irigoyen (1976) , cited in Irigoyen (2012) .
From 1845.
As referred by Cline (1948) , cited in Cline (2010).
---Regil and Peón (1853), cited in Schott (1870).
---Espinosa (1860).
---Barba (1895).
---Souza-Novelo (1901).
---Bolio (1914).
---Ortiz (1947).
---Meza-Andraca (1955), cited in Meza-Andraca (2012).
--- Benítez (1956: 47, 226, 227) .
From 1964 by Julio May.
Recorded by Morales-Rosas (2006) .
From 1969 by Villa Rojas.
As referred by Littlefield (1976) , cited in Littlefield (2012).
--- Irigoyen (1975) , cited in Irigoyen (2010) . Gentry (1982) reported A. sisalana to occur from Cintalapa to Chiapa (incorporating the sites at Ocozocuautla and Tuxtla Gutierrez), but he also stated sisal as being grown as a fencerow and fiber plant, cultivated for native cottage industry. These localities in the northwestern Central Valley of Chiapas are the same localities that were reported by Trelease, Mesa and Villanueva, Meza Andraca and Halffter for Yucatecan agaves being cultivated there.
Botanical Sciences
Reintroduction of A. sisalana from Africa to the Yucatan? After sisal was introduced to East Africa, several forms and hybrids were selected there and taken into large scale production. Agave 'Hybrid 11648' was created in Tanzania where it is now commonly cultivated. Its fibers are equal in quality to those of A. sisalana and are commercially treated as sisal (Oyen 2011) . Several of these African cultivars of sisal were introduced to the Yucatan (Table 1) complicating our quest to find native A. sisalana in the Yucatan, as they were often not distinguished in literature. Table 5 for locality details, dates and vouchers. Images by JC Trejo-Torres (A, B, C, I), R Rivera (D, F) and GD Gann (E). Gentry (1982) reported that Faustino Miranda mentioned A. sisalana was "recently reintroduced to Mexico from Africa for plantation farming." Since Miranda visited the Yucatan in 1954-1955 for his botanical studies (Miranda 1958) and passed away in 1964, his 'recent' reintroductions from Africa are referable to the 1950s. Gentry also suggested that African plants may have been the source for the plantations in the Yucatan in the 1950s. However, the alluded reintroductions in the 1950s does not seem plausible because African cultivars of sisal were introduced to the Yucatan from the 1960s onwards (R Orellana pers. comm. 2016; Table 1) Alternatively, reintroduction of A. sisalana from Africa either in the 1950s (Gentry 1982) or in later decades (R Orellana pers. comm. 2016), together with a rarefaction and disappearance of native populations in the Yucatan sometime between the 1930s and 1990s (Souza-Novelo 1935 , 1941 , Gentry 1982 , Colunga-GarcíaMarín and May-Pat 1993 ) is a possibility. This technically would render the species as extinct in the Yucatan, but introduced to Africa and then reintroduced to the Yucatan. Of course, this would be based on circumstantial evidence and we therefore instead suggest that plants of A. sisalana collected and observed in the Yucatan have been there throughout the ages, albeit in fluctuating numbers.
The possibility remains that both native and reintroduced plants are currently present in the Yucatan, in fact it is quite likely, but this would not contradict the documented occurrence and traditional cultivation of A. sisalana by Mayan peoples in the Yucatan Peninsula, before it was documented by Perrine.
